
Epithelial Tissue 

4 Basic Types 

Epithelium 

Origins: Ectoderm, 
Endoderm, 
Mesoderm 

Cell Types by 
Number of Layers 

and Shape  

Simple (unilaminar) 

One layer  

Cuboidal (ex. Ducts 
of glands) 

Columnar (ex. GI 
tract, respiratory 

tract) 

Squamous (ex. 
Endothelium of 
blood vessels) 

Stratified 
(multilaminar) 

Multiple layers  

Transitional 
Epithelium 

Distended 
(like stratified 

squamous, but only 
3-4 layers thick) 

Non-distended 
(like stratified 
cuboidal, but 

surface cells larger) Stratified Cuboidal 

(ex. Ducts of sweat 
glands) 

Stratified 

Squamous 

Keratinized: (ex. 
Epidermis of skin) 

surface cells dead, 
no nuclei 

Non-keratinized: 
(ex. Oral cavity) 

surface cells alive, 
nuclei visible 

Psuedostratified 
One layer, nuclei 

varied 

Specialized 
Epithelium 

Sensory: Gustatory, 
Olfactory, Stato-

acustic 

Germinal 

Epithelial Polarity 

Apical Domain: free 
surface of cell 

functions in endo- 
and exocytosis,  

transcytosis 

Microvilli, 
Stereocilia, Cilia, 

Flagella  

MV & SC supported 
by 25-30 actin 

filaments 

Actin joined at tip 
by villin and cross-
linked by fimbrin 

Actin embeds in 
terminal web (of 

actin and spectrin) 

Actin connects to 
mem. by Myosin & 

Calmodulin 

Cilia and Flagella 
have axoneme 
(9+2, creates 
movement) 

9 doublets (subunit 
A & B) connect 

with dynein arms + 
nexin 

Dynein ATPase – 
cause dynein arms 
to attach to sub. B 

Dynein ATPase 
moves to top, 

nexin converts to 
bending 

BL Domain: lateral 
sides and base of 

cell 

Lateral Domain: 
contains junctional 

complex 

Zonula Occludens: 
(JC) tight junctions 

Claudin & Occludin 
fuse membranes  

Anastomosing 
arrangment, 

Cadherin 
reinforced 

Zonula Adherens: 
(JC) adhesion belt 

Cadherins hold 
membranes 

together 

Anchored by talin, 
vinculin, α-actinin 

to cytoskeleton 

Macula Adherens: 
(JC) desmosomes 

Desmoplakin and 
plakoglobin make 

attachment plaque 

Cadherins are 
desmoglein and 

desmocolin  

Gap Junctions: cell-
cell pores, made of 

connexons 

Function in cell-cell 
communication 
and exchange 

Basal Domain: 
portion that  

attaches to CT 

Basal lamina: dense 
layer under cell 
mem. in ECM 

Mem. Enfoldings: 
increase area for 

diffusion  

Hemidesmosome: 
integrin binds cell 

mem. to basement  

Glands 

Endocirne: w/o 
duct 

Exocrine: with duct 

3 types of 
classification 

Structure 

Unicellular 

Multicellular 

Duct 

Simple: duct goes 
directly to surface  

Compound: duct 
branches  

Secretory 

Tubular  

Acinar or Alveolar: 
looks grape shaped 

Mode of Secretion 

Merocrine: 
secretion pinched 
off w/o cytoplasm  

Apocrine: secretion 
pinched off w/ part 

of cytoplasm 

Holocrine: 
degenerating cell 
forms secretion 

Cytocrine: whole 
living cell secreted  

Type of Secretion 

Mucus: thick, rich 
in mucinogens 

Serous: watery, 
rich in ions or 

enzymes 

Mixed: both mucus 
and serous 

Sebum: oily, rich in 
lipids  

Ceruminous: waxy  

Muscle 

Nerve 

Connective 



Connective Tissue 

3 Main Types 

Embryonic  

Mesenchymal: 
embryo and fetus 

Mucoid: umbilical 
cord  

Connective Tissue 
Proper 

Loose 

Dense 

Irregular 

Regular 

Elastic  Reticular  

Adipose 

Specialized 
Cartilage, Bone, 

Blood 

7 Functions of CT 

Mechanical 
support 

Structural support 
to organs 

Packing material 

Rigid structural 
support 

Mechanical 
protection (bony 

and cushion) 

Energy storage and 
temp. regulation 

Transportation of 
materials 

Protection against 
infection 

Metabolic support 

Repair after injury 

Composition  

Cells  

Fixed  

Fibrocytes (most 
common)  

Mesemchymal (like 
Fibros, in 

embryonic tiss.) 

Reticular (reticular 
tissue) 

Adipose  

White (unilocular), 
lipid storage 

Brown 
(multilocular, heat 

production) 

Wandering  

Mast Cells 

Macrophages  

Plasma Cells 

Associated  
Endothelial, 

smooth muscle, 
pericytes 

Extracellular fibers 

Collagen  

Elastic 

Reticular 

Ground substance 

Interstitial fluid 

Proteoglycans 

Glycoproteins  



CT Composition 

Cells 

Fixed 

Fibrocytes (most 
common) 

Mesenchymal (like 
Fibrocytes, found in 
embryonic tissue) 

Reticular (reticular tissue) 

Adipocytes (can be found 
as part of areolar CT) 

White (unilocular) lipid 
storage 

Hypertrophic Obesity: 
increased size of fat cells, 
number remains average 

(most common) 

Hypercellular Obesity: 
increased number of fat 
cells due to overfeeding 
as infant (most serious) 

Brown  

Wandering 

Mast Cell (inflammatory 
response) 

IgE made at first 
exposure and binds MC 

Second exposure 
interacts with IgE on MC 

Subsequent release 
(paracrine) of granule 

contents 

Various Granules  

Heparin  

Histamine 

Vasodilator 

Increased vascular 
permeability 

Constriction of smooth 
muscle cells in 

bronchioles  

Neutrophilic Chemotaxic 
Factor 

Eosinophilic Chemotaxic 
Factor 

Causes release of 
cytokines and 
leukotrienes 

Leukotrienes have same 
affect as histamine, but 

long acting 

Plasma Cell (antibody 
production) 

Macrophage 
(phagocytes) 

Associated  
Endothelial, smooth 

muscle, pericytes 

Extracellular Fibers 

Collagen (most abundant 
protein in body) 

α-chains make 
tropocollagen through H-

bonding of 
hydroxyproline 

Tropocollagen makes 
fibrils through covalent 

bonding of hydroxylysine 

Fibrils form fibers and 
fibers form fasicles 

Quarter Stagger Theory: 
staggered arrangement 

giving periodicity to 
tropocollagen 

4 Main Types 

Type I (strength) Dermis, 
tendon, organ capsules, 

bone, dentin 

Type II (pressure 
resistance) Hyaline and 

elastic cartilage 

Type III (delicate support) 
Lymph system, spleen, 

liver, lung, cardiovascular 

Type IV (attachment and 
filtration) Basal lamina 

Elastic Fibers 

Three types 

Oxytalin: consists of 
primarily microfibrillar 

portion 

Eulanin: microfibrils and 
some amorphous elastin 

Elastic fibers: consists of 
primarily amorphous 

elastin portion  

Contains two unique AAs: 
desmosine and 
isodesmosine 

Reticular 
Composed of Type III 
collagen coated with 

sugar 

Ground Substance 



CT Composition 

Cells 

Extracellular Fibers 

Ground Substance 

Proteoglycans (protein 
core with 

Glycosaminoglycans 
[GAGs] attached) 

Sulfated GAGs 

Keratin sulfate: located in 
cartilage 

Heparin sulfate: located 
in basement membrane 

Chondroiton-6 sulfate: 
located in cartilage, skin, 

and bone 

Chondroiton-4 sulfate: 
located in cartilage, skin, 

and bone 

Dermatan sulfate: 
located in dermis 

Non-sulfated GAGs 
Hyaluronic Acid: large, 

highly coiled, negatively 
charged 

Attracts and holds Ca2+ 
and Na+, water follows 

Slippery, gel consistency, 
high compression 

resistance and prevents 
bacterial entrance 

Inhibits cell adhesion, 
facilitates migration 

(higher levels in 
embryogenesis and 

repair) 

2 Forms 

Free: present in the 
ground substance  

Aggrecan: in areolar CT 
matrix, core protein with 
keratin and chondroiton 

sulfates attached  

Aggrecan Aggregate: HA 
with 100s of Aggrecans, 

very compression 
resistant and gel like 

Perlacan: contains 
primarily heparin sulfate, 

found in basal lamina  

Transmembrane: extend 
through the cell 

membrane  

Syndecan: rich in heparin 
& chondroitin sulfate, 
allows it to bind other 
PGs with same GAGs 

Fibroglycan: rich in 
heparin sulfate, binds to 
3 types of collagen and 

fibronectin  

Interstitial Fluid: water 
found in extracellular 

space, bound by PGs and 
HA, transports nutrients 

Formation 

1) Hydrostatic pressure 
on arterial end forces 
fluid out of capillaries 

2) Circulates through 
holes in HA and PGs 

towards venous end of 
capillary 

3) Most fluid re-enters 
capillary due to osmotic 
differences. Some fluid 
left to move into lymph 

system  

Edema: build-up of water 
in ECM 

Causes 

Blocked lymphs or 
venous return, liver 
disease, increased 

vascular permeability 

Hypertension, starvation, 
myxedemia 

(overproduction of GAGs) 

Glycoproteins: proteins 
with branched sugars 
that help hold cells to 

ECM 

Fibronectin: located in 
basal lamina, binds 

collagen type IV and 
heparin sulfate 

Laminin: located in 
basement membrane, 
binds collagen type IV 

and heparin sulfate 

Entactin: located in 
basement membrane, 
binds to laminin and 

collegan type IV 

Tenascin: located in 
basement membrane, 
binds to syndecan and 

fibronectin 

Chondronectin: located in 
cartilage matrix, binds 

cell integrin to collagen 
type II 

Osteonectiv: located in 
bone matrix, binds cell 

integrin to collagen type I 



Basement Membrane: 
connects epithelia to 

connective tissue 

Functions to hold cell 
to surrounding CT, acts 

as macromolecular 
sieve 

Basal lamina: consists 
of 2 layers 

Lamina lucida: layer 
next to cell membrane 

Contains integrins, 
laminin, and entactin 

Lamina densa: dense 
band below lamina 

lucida 

Contains collagen IV, 
perlacan, fibronectin 

Negatively charged 
and acts as 

macromolecular filter 

Lamina reticularis 

Contains reticular 
fibers as well as 

collagen IV and VII of 
anchoring fibrils 



Lipoprotein  

Lipase 

•Located on surface of endothelial cells, 
breaks lipids into fatty acids and glycerol. 
Adipocytes take fatty acids and complex 
with glycerol to form triglycerides. 

Hormone 
Sensitive Lipase 

•Releases stored lipids. Breaks triglycerides 
into fatty acids which then complex with 
albumin in blood for transport. 

Leptin 

•Protein produced by adipocyte that 
targets the hypothalamus. Results in 
decreased food intake and increased 
energy consumption.  

Insulin 

•Acts on adipocytes to form triglycerides 
from glucose, increase uptake of glucose, 
and increase production of lipoprotein 
lipase.  

Lipid Storage in White Adipocytes 

Heat Generation in Brown 
Adipocytes 

Fatty Acid 
Accumulation 

• Numerous mitochondria in 
cell create a large [H+] 
gradient. 

Thermogenin 

• Uncoupling proteins located 
in the inner mitochondrial 
membrane allow H+ to flow 
back into cell 

Heat 
Generation 

• Flow of protons down 
concentration gradient 

Collagen Formation 

rER 

•Transcription of α-chains in nucleus. 

Procollagen 
Peptidase 

•Translation occurs. Hydroxylation of 
proline and lysine. α-chains assemble 
to form procollagen. Secreted out of 
cell by Golgi.  

Lysyl Oxidase 

•After secretion by Golgi the 
procollagen molecules are cleaved 
and converted to tropocollagen 
outside the cell 

Fibrils assemble into 
fibers, fibers to 

fasicles 

•Hydroxylysine molecules covalently 
attached to form fibrils. 

Formation of Elastic Fibers goes 
through same process as Collagen, 

but replace procollagen with 
proelastin and tropocollagen with 

tropoelastin.  



Cell Motility 

Adhesion Factors 

Cell–Cell  

Junctional: tight, gap, 
adhesion belts, 
desmosomes 

Non-junctional: 
cadherins, CAMs, 

integrins, selectins 

Cell–Matrix 

Junctional: 
hemidesmosomes and 

focal attahcments 

Non-junctional: 
integrins and 

proteoglycans 

Processes of Motility 

Extravasation: 
migrating out of blood 

vessel 

Activation of 
endothelial cells 

Cytokines released by 
Mast Cells 

Rapid exocytosis of P-
selectin 

Produciton of PAF 
(platelet activation 

factor) 

Trappjng 

P-Selectin temporarily 
binds to receptors on 

leukocyte 

Weak interaction 
causes leukocyte to 

roll 

PAF binds to leukocyte 
receptor causing 

conformational change 
in integrin 

Adhesion 

Integrin of leukocyte 
binds to ICAM on 
endothelial cell 

Leukocyte tightly 
attached and spreads 
over capillary surface 

Leukocyte Adhesion 
Deficiency: improperly 

produced integrin 

Migration  

Leukocyte 
pseudopodia push 

between cells 

Metaloproteases 
released that break 
junctional complex 

Adhesion to basement 
membrane pulls 

leukocyte into ECM 

Role of Integrin: 
protein involved in 

adhesion of leukocyte 
to ECM 

Thought to undergo 
activation and 

inactivation processes 

Actiavtion: binding of 
collagen and thrombin 

before can bind 
fibrinogen 

Deactivation: 
phosphorylation on 
cytosolic side causes 

release of talin 

Results in 
disconnection from 

cytoskeleton 

Conformation change 
causes release of 
fibrinectin in ETC Focal contacts: ctysolic 

side linked to 
cytoskeleton via talin, 

vinculin, α-actinin 

ECM side attaches to 
laminin, collagen IV, 

tenacin, & fibronectin 

Diapedesis: moving 
through ECM 

Fast or Slow moving 

Process of “walking” 

Extension of 
podosomes  

Adhesion of focal 
attachments to 

adhesion molecules in 
ECM 

Points of attachment, 
prevent retraction of 

podosomes 

Cytoplasm flows 
forward 

Actin extension and 
shift of cytoskeleton 

(1) Actin bound to 
membrane by Myosin 
I, fiber growth under 
influence of profilin 

(2) Actin bound to 
membrane by Myosin 

I, fiber growth w/o 
profilin 

(3) Myosin I, attached 
to plasma membrane, 
move actin filaments 

forward 

Cytoplasm changes 
from gel to sol 

Flows in direction of 
chemotaxic factors 

Retraction with 
footprint 



EMC Regulation of Tissue 
and Organ Formation 

Use of integrins to align 
cell cytoskeleton with 

ECM 

Basal lamina essential for 
differentiation and 

formation of some glands 

Basal lamina removed 
from developing salivary 

gland 

Add mesenchyme 
immediately = NO 

GROWTH 

Allow basal lamina to 
regenerate 

No mesenchyme = 
INCOMPLETE 

DIFFERENTIATION 

Add mesenchyme = 
COMPLETE SALIVARY 

GLAND DIFFERENTIATION 

Reconstruction of neural 
junctions dependent on 

basal lamina 

Injury causes 
degeneration of both 

neuron and muscle fiber, 
basal lamina intact 

Myoblast enters damaged 
tissue 

Prevent neuron 
regeneration = still forms 
Acetocholine receptor at 

synapse site 

X-ray damage = neuron 
regeneration but not 
receptor site formed 

No inhibition = normal 
regeneration 

Laminin regulates neuron 
growth 

Neurons have growth 
cones that allow selection 
of specific ECM molecules 

to migrate on 

Fibronectin promotes 
migration 

Heavily present in 
mesenchyme  

Present in blood clots 

Promotes migration of 
epithelial cells across 

wound 

Promotes infiltration of 
fibroblasts from 

surrounding CT to repair 
gap 



G1 

S G2 

M 

Cyclin D CDK 4, 6 

Rb 

p21, p27, 
p16 

Bind to CDK to prevent cyclin-
CDK complex from forming 

Phosphorylate Rb to allow 
activation of E2F and S phase 

gene transcription 

Blocks activation of E2F and 
prevents transcription of S 
phase genes (Restriction 

Point) 

p53  MDM2 

MDM2 sequesters p53 for proteosomal 
degradation . DNA damage  cause 

phosphorylation of p53 and dissociation 
from MDM2 to activate p21.  

Cyclin E CDK 2 

Promotes the G1/S transition 

p21 
p27 

Cyclin A CDK 2 

Induces S phase  

p21 
p27 

Cyclin A CDK 1 

Induces G2 phase  

Cyclin B CDK 1 

Induces G2/M transition 

Prophase 
Pro-

metaphase 
Metaphase Anaphase Telophase 

Produced in response to 
DNA Damage/ 

incomplete replication 

Produced in response to 
DNA Damage 



Oxaloacetate  

Citrate 

Cis-Aconitase 

Isocitrate  

α-
Ketoglutarate 

Succinyl CoA 

Succinate 

Fumarate 

L-Malate 

Pyruvate 

Acetyl CoA 

CoA-SH 

NAD+ 

NADH + H+ 

H2O 

CO2 

H2O 

H2O 

NAD+ 

NADH + H+ 

CO2 
CO2 

NAD+ 

NADH + H+ 

CoA-SH 

GDP + Pi 

GTP CoA-SH 

FADH2 

FAD 

H2O 

NAD+ 
NADH + H+ Pyruvate 

Dehydrogenase 

Citrate Synthase 

Aconitase 

Aconitase 

Isocitrate 
Dehydrogenase 

α-Ketoglutarate 
Dehydrogenase 

Succinyl CoA 
Synthetase 

Succinate 
Dehydrogenase 

Fumarase 

Malate 
Dehydrogenase 

CoA-SH 


